ABSTRACT
Introduction
The L-lysine is one of the irreplaceable amino acid whose contents in the animal protein is low, but in the plant, protein is relatively high (5) . The most effective and the cheapest method for L-lysine production is microbiological method by direct fermentation. Important problem for this fermentation is synthesis of a quality optimal control that can rice the process effectiveness.
The optimal control of this process usually depends on the presence of complex, non-linear dynamic model of the system because of this is difficult to realize to working-out of the problem, which is very important to practical realize (2) .
Neuro-dynamic programming (NDP) is a relatively new class of Dynamic Programming (DP) methods for control and further decision making under uncertainties (1, 2) . These methods have the potential to deal with problems that for a long time were thought to be intractable due to either a large state space or the lack of an accurate model. The name NDP expresses the reliance of the methods on both DP and neural networks (NN) concepts. In this case, in the artificial intelligence community, from where the methods originated, the name reinforcement learning is also used. There has been a gradual realization reinforcement learning techniques can be fruitfully motivated and interpreted in terms of classical DP concepts such as value and policy iteration. Two fundamental DP algorithms, policy iteration and value iteration, are the starting points for the NDP methodology. A new policy is then defined by minimization of Bellman's equation, where the optimal cost is replaced by the calculated scoring function, and the process repeats (1). The method is successfully applied for optimal control of fermentation processes in the last years, as the computing time was decreased about 2/3 times and the quantity of the desired products was increased (4) .
In this paper the optimal control of a fermentation process for L-lysine by Neuro-dynamic programming will be synthesized.
Model of the Process
In this paper а process for L-lysine production that is leaded in stirred tank bioreactor is examine. The model of the process has type: 
where:
-mean concentration of oxygen and carbon dioxide,
coefficient, %; η -specific consummation rate of substrate, h -1 ; μ -specific growth rate, h -1 ; μ max -maximum value of specific growth rate, h -1 .
The General scheme of the L-lysine biosynthesis is shown in Fig. 1 .
The initial conditions are:
The coefficients in the model are: 
Formulation of the Optimization Problem
As is well-known for fermentation process, relatively little a change in the speed of feed can take process to switch over toward undesired stability state (especially steeply disturbance in F). The control objective is, therefore, to drive the reactor from the low product steady state to the desirable high product yield state. It may be viewed as a step change in the setpoint at time t = 0 from the low product to the high product steady state.
The optimization criterion is accepted the value of the functional L(t) at the end the process (T=48) that means of the quantity formed L-lysine after 48 hour fermentation.
The criterion of quality has a type:
For the optimal control variable the feeding rate -F is taken. The aim of the optimal problem is finding of such a profile of the optimal control variable that maximizing the criterion of quality (3) 
An Application of the Neurodynamic Programming for Optimal Control of the Process
The optimal control variable is feeding rate -F.
The next values of F are examined:
[ ]
that can cover the possible rang of variation.
A functional approximation relating cost-, to-go function with augmented state was obtained by using Neural Network (NN). NN is three layers. Five values of F was examined, that can cover the possible rang of variation. For each of the parameter values, the reactor was started at three different L(0) values around the low L-lysine steady state. We obtained 100 data points for each run. Thus a total of 1200 data points were obtained. A functional approximation relating cost-to-go with augmented state was obtained by using neural network with five hidden nodes, six input and one output node. The neural network showed a good fit with mean square error of 10 -3 after training for 1000 epochs. Improvement to the cost-to-go function is obtained through iterations of the Bellman equation. This method, known as cost iteration (or value iteration). The solution of the one-stage-ahead cost plus cost-to-go problem, results in improvements in the cost values. The improved costs were again fitted to a neural network, as described above, to obtain subsequent iterations
, and so on …, until convergence. Cost was said to be "converged" if the sum of absolute error was less than 5% of the maximum cost. The cost converged in 4 iterations for our system. The choice for switch over the one-stageahead is calculated with (4):
where L is concentration of L-lysine, uvector of control variable (F) With this procedure a program on MATLAB 6.0 is developed and it the optimal profile of the optimal control variables are obtained for. The time procedure is 1100 s. The profiles are shown on Fig. 2 .
The concentration of L-lysine received with optimization procedure is shown on Fig. 3 . With using of NDP for optimal control of the process for L-lysine production is increase with 10 % at the end of the process that is shown on Fig. 3 .
Conclusions
The approach for optimal control of fermentation processes based on NDP for a Llysine fed-batch fermentation is developed. It is proposed such as one methodic for alleviation of "curse of dimensionally" of dynamic programming. The results show that quality L-lysine is risen at the end of the process. Using of the method shows that it to be able for application in on-line optimal problems. All programs have developed on Pentium IV, 3 GHz processor, 1 GB RAM, running MATLAB 7 on Windows XP.
